MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research

DATE: May 5, 1997
FROM: Director, Center for Drug Eval uation and Research
SUBJECT: Approvability of a Synthetic Generic Version of Premarin

TO: Dougl as L. Sporn
Director, Ofice of Generic Drugs

1. Introduction

This menorandumtransmits the Center for Drug Eval uati on and
Research’s (CDER) position on the circunstances under which an
abbrevi ated new drug application (ANDA) for a synthetic version
of Premarin could be approved at this tine. The Center’s
conclusion is that because the reference listed drug Premarin is
not adequately characterized at this time, the active ingredients
of Premarin cannot now be definitively identified. Until the
active ingredients are sufficiently defined, a synthetic generic
version of Premarin cannot be approved. The legal and scientific
rationale for this conclusion is described bel ow

Any synthetic generic conjugated estrogens application based on
Premarin as the reference listed drug is not to be approved until
the active ingredients of Premarin have been sufficiently well
defined to permit an ANDA applicant to establish that a synthetic
generic formof Premarin has the sane active ingredients as
Premarin. In addition, | amrequesting that the bioequival ence
gui dance for conjugated estrogens be exam ned to determ ne

whet her it should be revised in view of this position.

I11. Legal Requirements for Approval of an ANDA

Under section 505(j)(2) (A (ii)(ll1) of the Federal Food, Drug, and
Cosnetic Act (the FD&C Act or the Act), 21 U S.C. 8

355(j)(2) (A (it)(lIl), an abbreviated new drug application (ANDA)
that refers to a listed drug with nore than one active ingredi ent

must contain, anong other things, “information to show that the
active ingredients of the new drug are the sane as those of the
listed drug....” Section 505(j)(3)(C(ii) of the Act, 21 U S.C

8 355(j)(3)(O(ii), requires that the Secretary shall approve



such an ANDA unl ess the Secretary finds, anong other things, that
“information submtted with the application is insufficient to
show that the active ingredients are the sane as the active
ingredients of the listed drug....”

The inpl enmenting regul ati ons provide that an ANDA not based on an
approved suitability petition nust provide information to show,
anong ot her things, that the active ingredients of the proposed
and the reference listed drugs are the sane (21 CF. R 8§ 314.94
(a)(5)). FDA wiIll refuse to approve an ANDA if “information
submtted with the abbreviated new drug application is
insufficient to show that the active ingredients are the sane as
the active ingredients of the reference listed drug” (21 CF.R 8
314.127(a)(3)(ii)). The term “sanme as” neans identical in active
ingredient(s).! (21 CF. R 8 314.92(a)(1))

The Agency has defined the term*“active ingredient,” as foll ows:

any conponent that is intended to furnish

phar macol ogi cal activity or other direct effect
in the diagnosis, cure, mtigation, treatnent, or
prevention of disease, or to affect the structure
or any function of the body of man or other
animals. (21 CF.R 88 60.3(b)(2), 210.3(b)(7))

In the context of ANDA approvals, a generic product with the sane
active ingredients as the reference |listed drug that is shown to
be bi oequivalent is approved w thout independent effectiveness
data.® To neet the definition of an active ingredient in this
context, a conponent nust be intended to furnish sufficient

phar macol ogi cal activity, or other direct effect, to have sone

t herapeutic effect (i.e., to diagnose, cure, mtigate, treat, or
prevent disease, or to affect the structure or function of the
body). Thus, an active ingredient perfornms a drug’ s therapeutic
functions. The definition of “pharmaceutical equivalents” in 21
C.F.R 8 320.1(c) is consistent with this definition of active
ingredient in that it focuses on the therapeutic noiety:

Pharmaceutical equivalents neans drug products
that contain identical anmounts of the identica
active drug ingredients, i.e., the sane salt or
ester of the sanme therapeutic noiety...that neet

% n enacting the Drug Price Conpetition and Patent Term Restoration Act
of 1984, Congress intended that no safety or effectiveness data beyond that
devel oped by the innovator conpany be needed to support approval of the
generic product. (See H R Rep. No. 857 (Part 1), 98th Cong. 2d Sess. 14, 16-
17 (1984)). The interpretation of the active ingredient definition in this
nmonorandum i s i ntended solely as applied to ANDA approval .
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i dentical conpendial or other applicable
standards of identity, strength, quality, and
purity, disintegration tinmes and/or dissolution
rates.

Consequently, not all conponents that “furnish pharnmacol ogi ca
activity or other direct effect” neet the definition of an active
ingredient. A conponent nay be considered an active ingredient
only if it provides a clinically meaningful contribution to the

t herapeutic effect of the drug. A subjective intent for a
conponent to have such effect wll not suffice in the absence of
obj ective evidence of a clinically nmeaningful contribution. (See
21 CF.R 8 201.128; intended use refers to objective intent.)

In nost cases, it wll be clear what conponents of a drug make
clinically nmeaningful contributions to the drug’s therapeutic
effects and, therefore, are the drug’s active ingredients.
However, where the Agency has determned there is sufficient

evi dence that a conponent in the reference listed drug may nake a
clinically nmeaningful contribution to the therapeutic effect, FDA
cannot approve a synthetic generic drug that does not i nclude
such conmponent until it has been determ ned whet her the conponent
makes such a contri bution.

I11. Regulatory History of Conjugated Estrogens

FDA first permtted a new drug application for Premarin

(conj ugated estrogens tablets made from pregnant nare’s urine) to
becone effective in 1942 under the new drug provisions of the
1938 FD&C Act, Pub. L. 75-717, 52 Stat. 1040, based on chem stry,
manuf acturing, and controls information acceptable at that tine
and a show ng, fromreports of clinical investigations, that the
drug product was safe for its intended use in the treatnent of
menopausal synptons and rel ated conditions. The product was
known at that tine to contain estrone and equilin, and it was
known that additional estrogens were present in smaller anounts.
The tabl et strengths and estrogenic potencies of Premarin tablets
were controlled using a colorinetric assay and a rat bioassay,
respectively, with estrone as the reference standard. Thus, the
0.625 ng Premarin tablet was assigned this val ue because it
cont ai ned estrogenic potency that, in the rat nodel, was

equi valent to 0.625 ng of sodium estrone sulfate.

In 1970, the United States Pharmacopeia (USP) published

nmonogr aphs for conjugated estrogens and conj ugated estrogens
tablets, establishing the first conpendi al standards for these
products.? The USP described conjugated estrogens as containi ng



sodi um estrone sul fate and sodiumequilin sulfate.® This
description appears to have been based on the known quantity, in
Premarin, of each of the two ingredients as well as their
denonstrated clinical estrogenic effects.®*#*® The two conpounds
were known to be the nost abundant estrogens in Premarin.
Clinical data show ng estrone to be an active estrogen were
avail abl e, and small-scale clinical studies of sodiumequilin
sulfate indicated that it was a nore potent estrogen than
estrone.® Limted data froma study conpleted in 1963 and
published in 1971 suggested that sodium 17'-di hydroequilin
sulfate, the third nost abundant estrogen, had little clinical
activity.’

Wth the publication of the nonographs in 1970, the rat potency
test was elimnated and replaced by a chem cal assay for the two
active ingredients. However, the traditional strength assignnent
was mai nt ai ned, even though the tablets contai ned fewer
mlligrams of sodiumestrone sulfate and sodiumequilin sulfate
than the mlligram dose stated on the |abel.

In 1972, FDA published an assessnment of the effectiveness of
Premarin.® Drugs such as Premarin that were approved prior to
1962 were required to denonstrate safety but not effectiveness at
the time of approval. In 1962, enactnent of the Harris-Kefauver
amendnents to the FD&C Act created a requirenent for a
denonstration of the effectiveness of new drugs including new
drugs approved between 1938 and 1962 (Pub. L. 87-781, 76 Stat.
780). FDA contracted with the National Acadeny of

Sci ences/ Nati onal Research Council to carry out the Drug Efficacy
Study to assess the evidence of effectiveness avail able for new
drugs approved prior to 1962. FDA then inplenented the results
in an effort known as DESI (Drug Efficacy Study Inplenentation).
The 1972 Federal Register notice announced FDA' s concl usi on that
a nunber of estrogen products, including Premarin, had been shown
to be effective for nenopausal synptons (and several other

condi tions) based on the DESI Panel recommendati ons and ot her
avai |l abl e evidence. FDA also found that the listed estrogen
products were “probably effective” for prevention of

®I'n the preamble to the final rule inplementing Title | of the Drug
Price Conpetition and Patent Term Restoration Act of 1984, FDA stated that,

al t hough in nost cases the Agency will consider an active ingredient to be the
same as that of the reference listed drug if it neets the standards of
identity described in the USP, “in some cases, FDA may prescribe additiona
standards that are material to an ingredient’s sanmeness.” (See Federa

Regi ster, Vol. 57, p. 17950, 17959, April 28, 1992.) See also 21 CF. R §
320.1(c), which states that an identical active drug ingredient nay neet
“identical compendial or other applicable standards” (enphasis added). FDA
applies current scientific know edge in making its regul atory deci sions, even
if that know edge has not yet been incorporated into the USP nonograph
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osteoporosis. For indications found to be “probably effective,”
FDA required sponsors to either submt substantial evidence of
ef fectiveness or renove the indication fromthe product | abeling
within a certain period of tine.

In 1978, Ayerst Laboratories proposed that conjugated estrogens
be required to contain seven estrogeni c conponents. Ayerst
subsequently nodified this proposal to request only that 17"-

di hydroequilin be added to the existing USP nonograph.® I n 1982,
FDA and USP convened a public neeting to di scuss Ayerst
Laboratories’ proposal that the nonograph for conjugated
estrogens include 17"-di hydroequilin.'® FDA stated at that tine
that the conposition of conjugated estrogens should be determ ned
by estrogenic potency and that the proposed conpound had | ow
potency and likely did not contribute to the clinical effect.

USP determ ned that 17"-di hydroequilin should not be added to the
nmonogr aph as an active ingredient.

In 1980, FDA published the first version of the docunent now
known as the Approved Drug Products with Therapeutic Equivalence
Determinations, al so known as the “Orange Book.”!! This docunent
lists the FDA assignnent of therapeutic equival ence anong
duplicate drug products based on avail able data pertaining to

t heir pharnmaceuti cal equival ence and bi oequi val ence. Existing
conj ugat ed estrogens tabl et products were classified as “BS,”
i.e., not considered therapeutically equival ent, because of
concern that the USP nonograph specifications for estrone sulfate
and equilin sulfate were inadequate to ensure that products
nmeeti ng the nonograph standard woul d necessarily produce

equi val ent therapeutic effects in patients.'? The “BS’ code is
used by FDA to indicate that drug products are not considered

t her apeutic equival ents due to deficient drug standards.

In 1986, FDA announced in the Federal Register that a 0.625 ny
dose of Premarin daily was found to be effective for prevention
of osteoporosis in postnenopausal wonen.®® Two dose response
studi es evaluating the effect of Premarin on bone m neral density
had been published in the literature. 1

In 1986, while devel oping an appropriate in vitro di ssol ution
test standard for conjugated estrogens bi oequi val ence testing,
FDA di scovered that Premarin tablets were a nodified rel ease
dosage form 1 This unexpected characteristic of the Premarin
formul ati on nmeant that generic copies were unlikely to be

bi oequi val ent unl ess they also had simlar nodified rel ease
characteristics. Because of this discovery, FDA changed the
“Orange Book” code for generic conjugated estrogens tablets from
“BS” to “BP.”' The code “BP” neans that generic products so



| abel ed are not considered therapeutically equival ent due to a
potential bioequival ence problem FDA then began to require that
generic conjugated estrogens products denonstrate bioequival ence
t hrough in vivo human subj ect bi oequival ence testing.!® Because
bi oequi val ence testing is ordinarily perfornmed on the active

i ngredients of a product, the question of the active ingredients
of Premarin again was raised.

In 1989, FDA's Fertility and Maternal Health Drugs Advisory

Comm ttee considered the question of the active ingredients in
Premarin.'® The Committee agreed that sodium estrone sul fate and
sodiumequilin sulfate are active ingredients, but could not
reach a consensus on whether or not other estrogens in Premarin
were active ingredients.? |n 1990, an Ad Hoc Subcommttee of
the Fertility and Maternal Health Drugs Advisory Commttee net to
consi der Prenmarin bioequival ence issues.?' Again, the group
agreed that the two named active ingredients were correctly

desi gnated, but could not reach a consensus on whether additi onal
conponents shoul d be regarded as active ingredients. 22

In 1990, FDA published a proposal to w thdraw approval of the
“BP” coded generic conjugated estrogens fornul ations for which

t her apeuti ¢ equi val ence could not be ensured.? The proposal

i ncluded withdrawing all generic conjugated estrogens marketed at
that time. The Agency w thdrew approval for these products in
1991, and there are currently no approved generic conjugated
estrogens tablets on the U S. nmarket. 2425

In February 1991, FDA' s Generic Drugs Advisory Commttee net to
consi der issues of pharmaceutical equival ence and bi oequi val ence
for conjugated estrogens.? FDA proposed to the commttee that
three of the additional estrogens in Premarin be recommended for
i nclusion as “concomtant conponents” in the USP nonograph for
conj ugat ed estrogens.?"28 These particular “concom tant
conponents” would be required to be in the product, but would not
be considered active ingredients and, thus, would not need to be
i ncl uded in bioequival ence testing.? The Generic Drugs Advisory
Committee endorsed this proposal .3 Subsequently, the USP

nmonogr aphs on conj ugated estrogens were anended to include the
three additional “concomitant conponents.”?3!

On Novenber 30, 1994, Wet h-Ayerst submitted a citizen petition
requesting, anmong other things, that FDA not approve any generic
conj ugat ed estrogens products that do not contain the conpound
sodi um )8, 9-dehydroestrone sul fate (DHES).3%? Weth-Ayerst al so
submtted a petition for a stay of action requesting that FDA
stay any decision to “receive” an ANDA for a conjugated estrogens
product that does not contain DHES and stay any approval of such



an application until FDA responds to the petition.?

Because of the conplex scientific issues associated with

determ ning the active ingredients of conjugated estrogens, in
the sumrer of 1995, CDER forned an Ad Hoc Conjugated Estrogens
Wor ki ng G oup to consider these issues. That group of CDER staff
exam ned available data related to the conposition of conjugated
estrogens and prepared a background docunent for the Fertility
and Maternal Health Drugs Advisory Commttee.

On July 27-28, 1995, FDA's Fertility and Maternal Heal th Drugs
Advi sory Commttee, with representation fromFDA s Ceneric Drugs
Advi sory Commttee and FDA' s Endocri nol ogi ¢ and Mt abol i c Drugs
Advi sory Conmm ttee, heard presentations and di scussions on the
conposi tion of conjugated estrogens.3 At the end of the

del i berations, in answer to questions regardi ng what additional
conponents, if any, beyond the two recogni zed active ingredients
contribute to the clinical safety and effectiveness of Premarin,
the Commttee voted unaninmously in favor of the foll ow ng
statement :

The Commttee feels that insufficient data were
presented to determ ne whether or not any i ndivi dual
conponent of Premarin or any conbi nation of conponents
in Premarin other than estrone sulfate and equilin

sul fate nust be present in order for Premarin to
achieve its established |levels of efficacy and safety
[ enphasi s added] . %

On Novenber 1, 1996, FDA conpleted a “Prelimnary Anal ysis of
Scientific Data on the Conposition of Conjugated Estrogens.”3

On May 1, 1997, the Ad Hoc Conjugated Estrogens Wrking G oup
conpleted its final report providing a scientific background for
the Center’s decision regarding the conposition of conjugated
estrogens. ¥

The regul atory history of conjugated estrogens reflects the
conplexity of the scientific issues involved. FDA s positions on
t hese i ssues have evol ved over tinme as new i nformati on has becone
avai lable. As with any such conplicated scientific issue,
differences in scientific opinion arose and continue to exi st
concerni ng how avail able data are to be interpreted and applied
in the regulatory context. These differing views were consi dered
in reaching the CDER position described in this nmenorandum

Three of these views were recently docunented in nenoranda to the
Director, CDER and are representative of the spectrum of views
expressed during the Center discussions of these issues. 383940



V.

Characterization of Premarin

A

FDA's Historical Position On The Active Ingredients O
Premarin

Al though FDA's Scientific Advisory Conmttees were unable to
provide definitive advice on this issue, FDA continued to
support the position taken in the 1970 USP nonograph?* that
the ingredients sodi umestrone sulfate and sodiumequilin
sulfate are the sole active ingredients in Premarin. The
reasons for this position were as foll ows: %

1

Until recently, the scientific belief had been that al
estrogens were simlar in their pharnmacol ogi c actions
on the body, i.e., “an estrogen is an estrogen.”
Therefore, the pharmacologic activity of an estrogen
preparation could be described in terns of its total
estrogenic potency. It was believed that the effects
of different estrogens in a mxture were additive and
that the identity of the particul ar estrogen
contributing the estrogenic potency was not crucial.
Epi dem ol ogi ¢ data did not reveal safety or

ef fecti veness differences anong vari ous estrogen
preparations used for hornone replacenent therapy.

As a result, Premarin has historically been defined in
terms of total estrogenic potency rather than the sum
of the potencies of various conponents. In 1970, when
the first USP nonograph was published, little
informati on was avail able on the effects of estrogens
on bone, and the estimtes of estrogenic potency of
Premarin conponents were derived fromclinical studies
of menopausal synptons. Miuch of Premarin’ s estrogenic
potency for nenopausal synptons can be attributed to
the effects of estrone and equilin.

Avai | abl e data on the detail ed conposition of Premarin
and the pharmacol ogic activity of its conponents were
l[imted. Mich of the available data indicated that
many conpounds found in Premarin were present in small
anmounts and had weak estrogenic activity.

Based on the results of early studies, including
studies of Premarin, the effects of estrogen on bone
m neral density appeared to have a very steep dose-
response rel ationship, and the 0.625 ng dose of
Premarin appeared to be near the top of the dose
response curve. Therefore, small differences in the



estrogeni ¢ potency of conjugated estrogens
preparations, resulting fromom ssion of conponents
fromgeneric copies, would not be clinically
meani ngf ul .

4. I n addition, the nonograph ranges for the content of
sodi um estrone sulfate and sodiumequilin sulfate in
conj ugat ed estrogens are wide.* Therefore, it was
believed that mnor differences in estrogen content
bet ween synthetic generic products and Premarin due to
t he absence in the generic copies of several m nor
Premarin constituents could not make a clinically
meani ngful difference. [Note: the percent coefficient
of variation of sodiumestrone sulfate is 1.98, and of
sodiumequilin sulfate is 3.01, based on percent
estrogen conposition in 500 batches of Premarin
Tabl et s. 44]

B. The Center’s Current Position On Premarin’s Active
| ngredi ents

For the reasons described below, the Center’s current
position is that Premarin is not sufficiently characterized
at this tine to determne all of its active ingredients.

1. Enmerging scientific evidence denonstrates that al
estrogens do not exert their effects in a uniform
manner wWith respect to different target tissues. These
differential effects may be due to variable
phar macoki netics, ¢ ti ssue netabolism tissue-specific
receptor factors, or additional reasons. 45 46 47,48 49,50
For exanple, clinical studies have shown that the
potency of equilin sulfate relative to estrone sulfate
vari es dependi ng on t he pharmacodynani c? ef f ect being
studied. 7 A dose of equilin sulfate that is
equi potent to estrone sulfate using one paraneter may
be nore or | ess potent when eval uated using a different
measure. For this reason, the active ingredients of
Premarin cannot be defined solely in ternms of overal
estrogeni c potency in any single system but nust be
defined based on their contributions to particul ar

“Phar macoki netics can be defined as drug absorption, excretion,
met abol i sm or distribution.

dPharmacodynam'cs can be defined as a pharmacol ogic or clinical response
to a given concentration [of a drug] in blood or other tissue (58 FR 39409,

July 22, 1993).



estrogenic effects.

Put sinply, the new scientific evidence shows that one
estrogen can be nore active than another in a specific
ti ssue or organ, such as breast, uterus, or bone. The
nost striking exanple of this is the synthetic estrogen
anal og tanoxi fen, which bl ocks estrogen actions in
breast tissue, but has estrogen-like activity on bone.
These new findi ngs have stimul ated extensive research

i nto new pharmaceuticals that could have sel ective
actions on specific tissues and thus m ght provide
beneficial hornone replacenent therapy w thout sone of
t he undesirabl e side effects, or could be useful in the
treatnent of cancer or other conditions.

Conpositional analysis of Premarin using nodern

anal ytical techniques denonstrates that it consists of
a mxture of a substantial nunber of conpounds with
potenti al pharmacol ogic activity. |In fact, the
steroidal content of Premarin has not been conpletely
defined. % Undoubtedly, nmany of the conpounds present
in Premarin do not provide a clinically neaningful
contribution to the therapeutic effects of the drug and
are best thought of as inpurities. However, the
clinical tests, on which the findings of the safety and
efficacy of Premarin were based, were perfornmed on the
entire mxture, not on individual conponents. A basic
under st andi ng of the chem cal conposition of Premarin
nmust be achieved as a first step in adequately
characterizing the product, unless a conplete
under st andi ng of whi ch conponents provide a neani ngf ul
clinical contribution to the effects of the product is
achieved by clinical trials alone.

Clinical studies have reveal ed that the assigned
potencies of Premarin tablets, which were based on the
rat bi oassay, do not correctly reflect the tablets’

rel ative potencies in human studies. 575 For
exanpl e, clinical studies have shown that Premarin is
between 1.4 and 2.5 tines nore potent than estrone

sul fate for suppression of FSH and nenopausal synptons
i n post menopausal wonen. %7 Because the human studi es
eval uating the relative potency of Premarin have been
smal |, a precise estimate of the estrogenic potency of
Premarin relative to estrone sulfate has not been
determ ned. Because the relative potencies of
Premarin, estrone sulfate, and equilin sulfate are not
clearly established, it is not possible to tell how
much of the effect of Premarin can be accounted for by
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the effects of equilin sulfate and estrone sulfate.
Measuring these effects is further conplicated by the
fact that the inportance or contribution of each

i ngredi ent may depend on the tissue that is being
tested, e.g., bone, breast, pituitary, or uterus.

New clinical studies have clearly denonstrated that
there is a dose-response rel ationshi p between estrogen
adm ni stration and bone mneral density in

post nenopausal wonen. %% |t follows that ensuring an
equi val ent estrogenic potency is inportant in the
approval of generic copies of estrogen products

i ntended for prevention of osteoporosis. In other
words, it is inmportant for the osteoporosis indication
that synthetic generic conjugated estrogens based on
Premarin have estrogenic strength that is identical to
the Premarin tablet.

The recent findings wth regard to )8, 9-dehydr oestrone
sulfate (DHES) illustrate a nunber of the above points.
This conmpound was first detected in Premarin in

1975. 55 DHES represents only a snall percentage of the
estrogeni c conpounds present in the product: 4.4% of
the “label claint (i.e., 4.4%of 0.625 ng or

approxi mately 0.0275 ng of DHES per 0.625 ng tablet).
[Note: Premarin also contains a snall anount of the
DHES net abol ite sodi um 17%- )8, 9- dehydr oest r adi ol

sul fate. % This metabolite conprises approxi mately
0.003 ng per 0.625 ng tablet. Therefore, the total
DHES pl us sodi um 17%- )8, 9- dehydroestradi ol sulfate
content of a 0.625 ng tablet is about 0.03 ng or
approximately 5% of label claim] Until recently little
has been known about DHES or sodi um 17%-)8, 9-
dehydroestradi ol sulfate.

Phar macoki netic studies submtted by Weth- Ayer st
denonstrate that, after single or repeated oral dosing
of Premarin in wonen, the plasma concentration or AUC s
of the (conjugated plus unconjugated) 17%-)8, 9-
dehydroestradi ol netabolite of DHES is the sane order
of magnitude as the concentration of the 17%$-di ol

nmet abolites of the active ingredients estrone and

equi lin. %86  The 17-$ )8, 9-estradiol concentration is
approxi mately 34% of the conbined concentrations of the
17%-diol netabolites of estrone and equilin, or 26% of
the 17$-diol netabolites fromthe three estrogens. The
finding that a |l ow | evel (5% conponent of the tablet
woul d generate a significant concentration of a
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potentially active netabolite was conpl etely unexpected
and illustrates the |ongstandi ng i nadequate
characterization of Premarin. These pharmacokinetic
data do not thensel ves prove that the DHES in Premarin
makes a clinically nmeaningful contribution to the

t herapeutic effect of Premarin. However, prelimnary
clinical studies indicate that the potency of DHES may
be simlar to that of equilin. (See detailed discussion
bel ow. )

6. Based on this new scientific information, the Center
concludes that Premarin is not adequately characterized
and that, therefore, at this tinme, its active
i ngredi ents cannot be fully determ ned. Additional
i nformati on on both conposition and rel ative potencies
of conponents will be necessary to adequately
characterize this product. This conclusion is in
agreenent with the findings of FDA's Fertility and
Mat ernal Health Advisory Commttee at its July 27-28,
1995, neeting on this subject.?3

C. Unr esol ved | ssues Concerning the Current
Characterization of Premarin

Products such as Premarin, that are derived fromnatura
source material, frequently are not characterized as
conpletely as synthetic products at the tinme of marketing.
For the purposes of this nmenorandum the term “adequate
characterization” is intended to nmean an anount of
scientific information on a product that is sufficient to
determ ne what constituents in the product are responsible
for making clinically nmeaningful contibutions to its

t herapeutic effects. In other words, it is possible to
define the active ingredients of a product that is
adequately characteri zed.

There are at | east two possible ways to characterize a
product. The nost straightforward nmethod includes, first,
chem cal analysis to determ ne what conponents are present
at significant levels in the product. The interpretation of
“significant |evels” cannot be exact and woul d depend on the
specific product; however, it is desirable that conponents
present at the 0.1% | evel or greater be identified and
quantified. Once the conponents of the product are
identified, the next step in characterization would be to
determ ne which of them have potential human pharnmacol ogic
activity. Such a determ nation may be based on the
followng: the quantitative anount in the product,
structure-function rel ationships, In vitro tests, aninal
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studi es, human studies, or a conbination of these. Finally,
for conponents that nay contribute to the therapeutic effect
based on potential pharmacol ogic activity, a study could be
conducted conparing the effects of each conponent al one, and
in conbination with additional conponents, to the effects of
the entire product, to denonstrate that the “candi date”
conponents achieved all of the therapeutic effects of the

pr oduct .

Al ternatively, in cases where there is sone confidence that
the “candi date” active ingredients have all been identified,
even though the product is not fully chemcally
characterized, a head-to-head conparative dose-response
clinical trial conparing the effects of the conbined

“candi date” active ingredients against the original product,
could, if carried out carefully, denonstrate that the

conbi nation contributed all the clinically neaningful
therapeutic effects of the original product. This approach
m ght not clearly identify which of the “candi dates” were
actually active, but could ensure that the conbination
tested included all of the active ingredients in the

pr oduct .

The foll ow ng sections discuss the available scientific
evi dence on the characterization of Premarin.

1. Conposi tion

At | east ten estrogenic conpounds have been identified
and quantified in Premarin. The conposition data for
the ten estrogenic conpounds cited in the Conjugated
Estrogens, USP nonograph, and listed in Table 1, were
generated by the Center's Division of Drug Anal ysis
froman analysis of two batches of Premarin 0.625 ng
tabl ets.® These results agree generally with other
data available to the Center

Table 1
Sodi um Estrogen Sul fate My/ Tabl et
Estrone 0. 370
Equi lin 0. 168
17"- Di hydr oequilin 0. 102
17"- Estradi ol 0. 027
17%- Di hydroequilin 0.011
| 7"'- Di hydr oequi l enin 0.011
17%- Di hydr oequi | enin 0.021
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Equi l enin 0. 015

| 7%- Est r adi ol 0. 005
)8, 9-dehydr oestrone 0. 026

Addi tional information on the conponent DHES and its
met abolite are discussed later in this section
(I'v.C.4). Additionally, the fact that Premarin
cont ai ns progestational agents (conposition

unspeci fied) has been disclosed by Weth-Ayerst.® |t
is known that Premarin al so contains additional

st eroi dal conpounds. > However, precise data on
Premarin’s conposition are currently very

| | m ted 64, 65, 66, 67

Detail ed anal ytical information on Premarin’s
conposition is the necessary basis for adequate
characterization of the product. Obtaining this
information is feasible. The constituents of Premarin
are small nol ecules that can be fully characterized by
anal ytical chem stry, unlike the macronol ecul ar
constituents of nost biological products, which are
difficult to fully characterize due to biologic
variability. It is desirable that the conponents
present in Premarin at or above 0.1% be characterized
and their biological activities detern ned.©8

It has been argued that DHES cannot be considered an
active ingredient of Premarin because its presence in
and percent conposition of the fornulation are not
specifically controlled during the manufacturing
process. % Weth-Ayerst has submitted data
denonstrating that DHES is present at about 4.4% of

| abel claimwith a range of 4.0 to 5% (based on ten
lots of 0.625 ng Prenmarin tablets).” It is desirable
that any active ingredients, once identified, be
controlled during the manufacturing process.

Phar macoki neti cs

Phar macoki netic data on Prenmarin conponents are
presented in the FDA report entitled A Pharmacokinetic
Analysis of Conjugated Estrogens Including )8,9
Dehydroestrone and 17%$-)8,9 Dehydroestradiol, dated

Cct ober 25, 1996 (OCPB Report), ™ and its addendum

dat ed February 12, 1997 (Addendun), ? and also in
information submtted to the docket of the Weth-Ayerst
citizen petition by Weth-Ayerst.>% The OCPB Report
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details plasma concentrations of estrone sulfate,
equilin sulfate, DHES, and their netabolites, as well
as concentrations of 17"-di hydroequilin, after

i ngestion of various doses of Premarin.’2 Additional
phar macoki neti ¢ data on Premarin conponents and

nmet abolites, presented in Addendum 2, dated March 31,
1997, to the OCPB Report,” and also in information
submtted to the docket by Weth-Ayerst on March 11
1997,% confirmthe original finding discussed in the
OCPB Report.

Table 2 is derived from pharmacoki netic data submtted
by Wet h- Ayer st based on seven-day dosing of wonmen with
two 0.625 ng tablets daily.® The steady-state AUC
data are cal cul ated fromday seven plasma sanpling.
Tabl e 2 sunmari zes the rel ationshi ps anong oral dose,
total ketone, and total diol for three estrogens.

Table 2 - Results of Pharmacokinetic Studies

Estrogen Estrone Equi lin )8, 9- DHE
Measur ed dose

or AUC

mg per 2X 0. 740 0. 336 0. 052
0.625nmg tab

Total plasma ket one 94. 200 43. 145 13. 610
(ngehr/mL)

Uncon. pl asma ket one 4.083 1.201 0.072
(ngehr/ m)

Total plasma 17%di ol 8. 565 10. 623 6. 624
(ngehr/ m)

Uncon. pl asma 17%di ol 0. 659 1. 060 0.331
(ngehr/m)

The pharmacoki netics of Premarin conponents are

conpl ex, as revealed in these data. Estrone, equilin,
)8, 9-dehydroestrone, their active 17%-reduced

nmet abol i tes, and ot her estrogeni c conponents of
Premarin circulate in the plasnma both as the conjugated
(primarily sulfate ester) and unconjugated derivatives
and with various degrees of protein binding, as

di scussed in the OCPB Report. There is interconversion
bet ween the ketone and 17$-reduced fornms of each
estrogen and anong the conjugated and unconj ugat ed
derivatives. The degree of protein binding of each
derivative may be inportant to its clinical activity.
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Put sinmply, this information shows that there is not a
one-to-one rel ationship between the anmount of each
estrogen in the tablet and the anount of active forns
(derivatives) of that estrogen in the blood. Each of
the three estrogens evaluated in this clinical trial
distributes differently into its derivatives in the
body. This neans that each of the three estrogens

m ght cause different effects sinply as a result of

t hese distributional differences.

The actual nagnitude of the contribution of each
derivative of any conponent estrogen to the overal
estrogenicity of Premarin is not well understood. As
just stated, the pharnacokinetic data show that the
rati os of the concentrations of the different
derivatives are distributed differently for those
estrogens that have been studied: estrone, equilin, and
DHE. |If there are tissue-specific effects of
derivatives, then the size of a derivative’'s
contribution could vary depending on the tissue tested.
The avail abl e data suggest that these tissue-specific
differences exist. For exanple, In vitro potency data
for estrone and 17%-estradi ol were submtted by Wet h-
Ayerst.’ When potency was tested by estrogen receptor
bi ndi ng, estrone was shown to be nuch | ess potent than
estradi ol (about 200 tines |less), as has been

previ ously shown by receptor binding and cell ul ar
assays. In contrast, when potency testing was
performed in a liver (Hep-&) cell line using
functional activation, estrone’ s potency appeared to be
of the same order of nmagnitude as estradiol’s potency.
The experinenters were able to show that this increased
potency of estrone resulted fromits conversion to
estradiol by the cells. Therefore, in tissues that
have the capability to netabolize ketone fornms to diols
(e.g., estrone to estradiol), circulating ketone forns
could make a large contribution to observed effects in
that tissue. Simlarly, conversion of conjugated
(sulfated) forns of circulating estrogens to the

unconj ugated forns has been shown to occur in target

ti ssues such as breast.’” |In these tissues, tota
estrogen concentrations (i.e., conjugated plus

unconj ugated) may be nore inportant than in tissues

t hat cannot convert the conjugated forns to the active,
unconj ugat ed forns.

One striking finding in the pharmacokinetic data is the
differences in the proportions of the 17%-di ol
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concentrations resulting fromthe three estrogens
(sodium estrone sulfate, sodiumequilin sulfate, and
DHES), conpared to the ratios of the three estrogens in
the tablet. It is known that the 17$-diol derivatives
of equilin and estrone are potent estrogens. The

phar macoki neti c data as a whol e show that, after dosing
with Premarin, the plasma concentration of unconjugated
17%-di hydroequilin is about twice (1.6 times) as high
as the concentration of 17%-estradiol, even though
there is only about half as nuch equilin as estrone in
the tablet. The difference in the concentration of the
active netabolite may account for the known greater
clinical estrogenic potency of equilin. As discussed
above, an unexpected finding fromthe pharmacokinetic
data in the Mssouri study, the nost reliable data
generated to date, was that the plasma concentration of
unconj ugated 17%-)8, 9- dehydroestradi ol is about half

t he concentration of unconjugated 17$-estradiol, even

t hough there is nore than ten tinmes nore estrone
sulfate than DHES in Premarin. This may account for
the high oral potency of DHES that has been found in
the limted clinical studies perfornmed with this
conpound. 76 77

Put sinmply, these data show that a dose of DHES results
in a nmuch higher blood | evel of the active netabolite
than would result fromthe sanme dose of estrone
sulfate. This finding al one suggests, but does not
prove, that a | ow dose of DHES could have a nmuch | arger
t han expected effect.

The above pharmacoki netic data provide a basis for

begi nning to understand the conplex rel ationship

bet ween the conposition of Premarin and its clinical
effects. However, this understanding is stil

i nconpl ete. The pharnmacoki netics nust be understood in
t he context of pharnmacodynam c properties of the

vari ous conponents, including their clinical effects.

Clinical effects of Premarin

Premarin and certain Premarin conponents have been
tested fairly extensively in animals, particularly
rodents. Aninmal data, either in vitro or in vivo, have
not proven to be quantitatively predictive of the
effects found in wonmen.” Therefore, animal tests,
whil e useful in screening conpounds for activity,

cannot be used to definitively assign human clinical
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effects. The nost confident conclusions can be drawn
fromhuman clinical testing. The foll ow ng sunmmari zes
what is known about the contribution of Premarin
conponents to its overall activity fromin vitro or 1iIn
vivo human testing.

a. Phar macodynam cs of Premarin and Sone of Its
Conponent s

The term “pharmacodynam cs” refers to pharmacol ogi c or
clinical responses to a given concentration of a drug
in blood or other tissue.® For exanple, raising or

| owering bl ood pressure, causing dry nouth, or
constricting the pupils are pharnmacodynam c effects of
various drugs. Pharmacodynam c effects can be
beneficial, harnful, or neutral. The benefits of nost
drugs derive fromtheir desired pharnmacodynam c
effects, while drug side effects often result from
undesi rabl e pharmacodynam c activity.

Premarin and its conponents, |ike other estrogens,
affect a wde variety of human tissues, including
pituitary, breast, uterus, bone, liver, and

endot hel ium 4’ Sone of these actions result in the
beneficial effects of the drug, sone cause side
effects, and sone (for exanple, cardiovascul ar or

| i poprotein effects) have not been definitively
evaluated. There are studies in the literature of
effects of estrogen on each of these tissues,
especially effects on the pituitary, uterus, and bone.
This section discusses the pharmacodynam c effects of
Premarin and its conmponents other than the relief of
menopausal synptons and prevention of osteoporosis.

A dose-response rel ationship exists between estrogen
treatment and FSH suppression.’” Sone pharnmacodynamn c
data on suppression of FSH, including dose-response
data, exist for equilin sulfate, estrone sulfate, and
Premarin (see al so nenopausal synptons, bel ow). % 75080
In a study of suppression of urinary gonadotrophins,
equilin was found to be about tw ce as potent as
Premarin and five tines nore potent than estrone
sulfate for this effect, while Premarin was 2.5 tines
nore potent than estrone sulfate.’” In studies of hunman
serum FSH | evel s, Premarin has been found to be about
1.4-2.0 tines as potent as estrone sulfate.?:5 These

°See footnote c, supra.
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studies are in relative agreenent.

The published data on the effects of Premarin and its
conponents on uterine or vaginal markers are |imted.
Beck and Friedrich found equilin sulfate to be 2-3
times nore potent than Premarin for effects on vagi nal
epi theliumand endonmetrium?® Varma et al found
Premarin to be twice as potent as estrone sulfate for
endonetrial changes.® GCeola et al evaluated the dose-
response rel ationshi p between Premarin and vagi nal
cytol ogi es and concluded that 1.25 ng Premarin daily
was necessary for achieving full replacenent |evels for
this paranmeter.® These studies are not adequate for
drawi ng firm concl usi ons about the relative
contributions of equilin and estrone to the effects of
Premarin on uterine or vagi nal markers.

A nunber of studies of Premarin or its conponents have
eval uat ed pharmacodynam c mar kers of bone

ef fects.511579.80.8  Jones et al estinmated that Prenarin
was twi ce as potent as estrone sulfate for reduction of
the urinary calciumcreatinine ratio. This ratiois a
measure of bone resorption. Geola et al perforned a
dose-response study evaluating the effect of Premarin
on the calcium creatinine ratio, and found that 0.3 ng
Premarin was the | owest dose to have a significant
effect. Lobo et al found that Premarin was tw ce as
potent as both estrone sulfate and equilin sulfate for
reduction of the urinary calciunicreatinine ratio. The
Lobo finding of a significant effect of 0.3 ng Premarin
was not duplicated in a |arger study by Lindsay et

al . Because of limtations in study designs and
because the pharnmacodynam ¢ nmarkers for bone are not
sufficiently quantitative, no concl usions about
conpar ati ve pharnmacodynam c effects on bone of Premarin
or its conponents can be drawn fromthese results.

Data on Premarin or Premarin conponent effects on

| i poproteins and ot her plasma proteins, or other

phar macodynam ¢ markers are quite |imted. 5051534984
Havi ng i nformati on about these effects is inportant for
several reasons. Stinulatory effects on liver proteins
may affect drug safety. In addition, as discussed in
the OCPB Report,’ levels of circulating unconjugated
estrogens nay be affected by binding to plasnma
proteins, particularly sex hornone binding globulin
(SHBG . Stimulation of SHBG could alter drug

avai lability. Available data suggest that certain
Premarin conponents differ in the ability to stinulate
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SHBG. °° Human phar macodynam ¢ data on DHES subm tted
by Wet h- Ayer st denonstrated that 1.25 ng estrone

sul fate had a nuch greater effect on SHBG | evel s t han
did 0.125 ng DHES; ® however, this result requires
confirmation.

Taken as a whol e, the avail abl e pharnmacol ogi ¢ data
denonstrate that estrone sulfate (as the piperazine
salt), equilin sulfate, and Premarin have different
phar macodynam c effects when potency on various tissues
i s eval uated. %75 For exanple, in a single study,
Premarin was found to be 1.4 tines nore potent than

pi perazi ne estrone sulfate (expressed as the sodi um

rat her than piperazine salt) for FSH suppression, a
pituitary effect.® |In contrast, Premarin was 3.5
tinmes nore potent than estrone sulfate for stimulation
of angi ot ensi nogen and 3.2 tines nore potent for
stinmul ati on of sex hornone binding gl obulin (SHBG).
Presumably, this difference arises because ot her
conponents of Premarin contribute to these effects in a
manner different fromestrone sulfate. It is not known
if these differential pharmacodynam c effects are
conpletely attributable to the presence of equilin

sul fate.

In summary, the two Premarin conponents that have been
carefully studied, equilin sulfate and estrone sulfate,
differ fromeach other and fromPremarin in
phamacodynam c profile. It is not well understood

whi ch of the pharancodynam c actions are desirable and
whi ch contribute to unwanted side effects. Adequate
characterization of Premarin will require an
under st andi ng, based on scientific data, of those
Premarin conponents that contribute to the

phar macodynam c effects of Premarin.

b. Clinical Effects of Premarin Conponents
i Menopausal synptons

A nunber of clinical studies evaluating Premarin
and Premarin conponents for the treatnent of
nenopausal synptons have been perforned. 7980 8286
Equilin sul fate has been found to be about three
times nore potent than Premarin for alleviating
vasonot or synptons.? The data submtted by
Wet h- Ayer st on DHES show that DHES i s nore potent
than estrone sulfate for these effects, but the
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data are not adequate to precisely assign a
potency.® Wthout dose-response studies to
determ ne the potency of DHES for nenopausal
synptons relative to the potency of estrone
sulfate and equilin sulfate, the contribution of
DHES to the activity of Premarin in treating
menopausal synptons cannot be determ ned.
Simlarly, wthout a head-to-head conparison of
the dose-related effects of Premarin, estrone
sulfate, and equilin sulfate in the treatnent of
menopausal synptonms, the extent of contribution of
the two conponents to the overall estrogenic
potency of Premarin for this effect also cannot be
accurately determ ned, although it is clear that
both contri bute.

ii. Osteoporosis prevention

Use of surrogate markers. The goal of preventive
t herapi es for osteoporosis is the prevention of
fractures and deformty. For estrogens, FDA
accepts neasurenent of bone mneral density as an
adequate surrogate for preventing these | onger
termclinical outcones.® A nunber of other

mar kers for eval uati ng pharmacodynam c effects on
bone have been devel oped.® None of these other
markers is sufficiently well understood or
quantitative to permt its use as a surrogate for
osteoporosis prevention effects. Therefore, in

t he absence of other validated surrogate markers,
definitive data on bone effects nust conme from
human trials evaluating bone m neral density,
fractures, and/or deformty.

Use of blood 17%-estradiol |levels as a surrogate
marker. Comrents submtted to the docket of
Wet h- Ayerst’s citizen petition,® as well as
statenents in the scientific literature, assert

t hat achi evenent of certain levels [e.g., 39 pg/m
(Pal acios et al) or greater than 60 pg/mn
(Reginster et al)] of serum 17$-estradiol is an
adequate surrogate for preservation of bone

m neral density because there is a strong

correl ation between the two both in clinical
trials and in untreated perinenopausal wonen. 839

The study by Pal acios et al eval uated wonen who
had undergone surgi cal nenopause and who were
random zed to percutaneous estradiol, conjugated
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estrogens (source unspecified), or no therapy over
two years. Untreated wonen | ost a nean of 9% of
spi ne bone mneral density over two years, whereas
the estradi ol treated group and the conjugated
estrogens treated group gained 4.1% and 5. 6%

spi nal bone m neral density respectively. Wnen
treated with percutaneous estradi ol were reported
to have a nean serum estradi ol |evel of about 80
pg/ M over the course of the study. The

conj ugat ed estrogens treated wonen had a nean
serum estradi ol |evel of about 40 pg/m. It is
not possi ble to conclude anything about a
protective |evel of 17%-estradiol fromthe

conj ugat ed estrogens armof this study since

conj ugat ed estrogens al so contain, at a m ninum
equi lin and possi bly ot her conponents that
contribute to the effect on bone. The value of 80
pg/ M fromthe percutaneous estradiol armis not

i nconsistent with the data reported by Regi nster
et al who found that circulating |level of 17%-
estradi ol between 60-90 pg/m correlated well wth
phar macodynam ¢ nmarkers of beneficial bone
effects. This correlation suggests, but does not
prove, that estrogen replacenent therapies

achi eving such levels of circulating estradi ol may
be effective in preventing bone | o0ss.

FDA does not currently accept 17%-estradiol |evels
as an adequate surrogate for osteoporosis
prevention in wonen. Trials of bone m neral
density are required. In addition, the avail able
data do not indicate that the potentially
protective levels of 17$-estradiol are attained
after adm m stration of Premarin.

The Pal acios study found that treatnent with

conj ugat ed estrogens 0.625 ng resulted in a nean
estradiol |level of 40 pg/m, which is below the 60
pg/ M m ni mnum suggested by Reginster. However,
the Librach and N ckel study submtted to the
docket, as well as the Reginster study and ot her
data reported in the literature, found that serum
| evel s of 17%-estradi ol above 60 pg/m are
achieved in wonen treated with Premarin or a
Canadi an generic copy of Premarin®:° |n the

Li brach and N ckel study, wonen treated with
Premarin achieved a 17%-estradi ol |evel of 85.5
pg/ M while wonen treated with the Canadi an
product had nean serum | evels of 94.9 pg/m.
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These differences appear to relate to probl ens

wi th anal ytical nethodol ogy, possible due to
cross-reactivity of radi o-i Mmmunoassay reagents

Wi th other conponents in Premarin. Wen serum
17%-estradiol is nmeasured by direct chem cal

nmeans, the high 17$-estradiol |evels are not found
in wormen treated daily with 0.625 ng Premarin. 5061
This latter finding is corroborated by data froma
study of the effects of esterified estrogens
(Estratab, USP) on bone mneral density, which was
recently presented in abstract.® In this study,
daily dosing wwth 0.625 ng of esterified
estrogens, which contains approximately 0.518 ng
sodi um estrone sul fate® (0.625 ng Premarin
contains about 0.370 ng sodi um estrone sul fate)
resulted in a nean plasma concentration of 17%-
estradiol of 40 pg/m. In addition, in this sane
study, daily admnistration of 0.3 ng esterified
estrogens, which contain about 0.248 ng sodi um
estrone sulfate, resulted in a nean plasma
concentration of 26 pg/m of 17$%-estradiol. These
results are inconsistent with the serum|eve
results presented by Librach and N ckel, but
generally agree with Pal acios’ findings and with
Wet h- Ayerst’ s bioavailability data. Therefore,
the avail abl e data on serum 17%-estradi ol |evels
do not indicate that |evels over 60 pg/m are
attained wwth the dose of Premarin recomended for
the prevention of osteoporosis.

Clinical effects on bone. The clinical effects of
Premarin on bone are well|l established. A nunber
of clinical trials have confirnmed the effects of
Premarin in preserving and increasing bone m neral
density in postnenopausal wonen.!41%% FEttinger et
al denonstrated in a nonrandom zed trial that 0.3
nmg Premarin, when adm nistered with cal ci um

suppl enment ati on, was adequate to prevent bone
mneral loss in the spine and hip.% The recent
PEPI trial denonstrated that the currently
recomended 0. 625 ng dose of Premarin resulted in
an increase in bone mneral density in wonen
treated for over two years, while untreated wonen
| ost bone. ¢

Estrone is approved as a single estrogen (nmarketed
under the brand nanme Ogen by Upj ohn, generic nanme
estropi pate), but as a different salt fromthe
estrone in Premarin (the piperazine rather than
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the sodiumsalt of estrone sulfate) for the

treat nent of nenopausal synptons and the
prevention of osteoporosis. The recommended dose
for osteoporosis is 0.75 ng of estropipate, which
is equivalent to 0.625 ng sodi um estrone sul fate.
A dose-response study has shown that a dose

equi valent to 0.300 ng estrone sul fate, conbi ned
with 1 gramdaily cal cium suppl ementation, is not
effective in preserving bone mneral density.?

In this study, 0.625 ng of estrone sulfate
resulted in preservation of bone mneral density
conpared to baseline. There was no statistically
significant difference in bone mneral density
bet ween patients dosed with 0.625 ng and those
given 1.25 ng; however, only the 1.25 ng group had
bone m neral densities statistically greater than
the placebo group at two-year followup. Based on
the data fromthis trial, the anmount of estrone
sulfate in Premarin (approximtely 0.370 ng) is
too small to account for all of Premarin’s known
effects on bone mneral density, so other
estrogens present in the product nust be
contributing to this effect.

Addi tional information on the effects of equilin
on bone has recently becone avail able. On Cctober
30, 1996, Duraned Pharmaceuticals submtted to the
docket an abstract of a clinical study that had
recently been presented at a scientific neeting.?8°
The study provided new i nformati on gernane to the
clinical effects of Premarin on bone.® This
study, sponsored by Sol vay Pharnaceuticals, was a
clinical trial of their product, Estratab (this
trial was al so discussed in the section on
estradiol blood levels). Estratab is a generic
esterified estrogens product. Esterified
estrogens USP contain sodium estrone sul fate and
sodiumequilin sulfate in different anmounts than
are in Premarin® (based on presentations by

Sol vay, 0.300 ng of their esterified estrogens
product contains approximately 0.248 ng estrone
sul fate and 0.038 ng equilin sulfate).® The
study was a two-year placebo controlled trial
testing three doses of Estratab conmbined with

cal ci um suppl enentati on i n postnenopausal wonen
eval uating bone mneral density and side effects.
According to the abstract, all three doses were
effective at 12, 18, and 24 nonths in preserving
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bone m neral density conpared to placebo. The
abstract reveals a dose response anong the three
Estratab doses tested. Also significant is the
fact that the | owest dose tested, 0.3 ng Estratab
appeared to be effective in preserving bone

m neral density when given continuously in
conjunction with cal cium suppl enmentation. There
are | ower anmounts of both estrone sulfate and
equilin sulfate in this dose of Estratab than are
required to be in the 0.625 ng tablet of generic
conj ugat ed estrogens according to the current

conj ugat ed estrogens USP nonograph. Therefore, if
the data in the abstract are correct, it could be
concl uded that a product containing the anmounts of
estrone sulfate and equilin sulfate required in
the current nonograph for conjugated estrogens USP
woul d be effective in preserving bone m neral
density when given continuously wi th suppl enental
calcium Since the study by Harris, et al.?
showed that 0.3 ng of estrone sulfate alone is not
effective in preserving bone mneral density, then
it is likely that there was a contribution from
the equilin sulfate in the Sol vay product,

al t hough firm concl usi ons cannot be drawn from
cross-study conparisons. This information
addresses to sone extent one of the questions
raised in FDA's Preliminary Analysis of Scientific
Data on the Composition of Conjugated Estrogens,
that is, the fact that the contribution of equilin
to preserving bone mneral density had not been
denonstr at ed.

Despite this additional information, the question
of what are the active ingredients in Premarin for
the indication of maintaining bone is not
conpletely resolved. The Sol vay study
denonstrated a dose response for bone m neral
density. The | owest dose, 0.3 ng, was effective
in preserving bone density. The two hi gher doses,
0.625 ng and 1.25 ng, of esterified estrogen
actually increased bone density over the two-year
period. This finding is consistent with other
publ i shed data.®*® |n the case of the Sol vay
study, it is not known whether, at the higher
doses, nore wonen responded with bone preservation
than at | ower doses, or whether wonen who woul d
have responded to 0.3 ng sinply had a | arger
response to the higher doses. 1In either case,
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estrogeni c potency has been shown to be inportant
to the clinical effect on bone within this dose
range. It has been estimated that a proportion of
wonen taking the recommended dose of Premarin
continue to | ose bone mneral, even though nean
val ues are sustained or inproved. ®®

The finding that sodiumequilin sulfate and sodi um
estrone sulfate, at the doses present in Estratab,
preserve bone m neral density provides support for
the proposition that equilin contributes to the
bone preservation effects of Premarin. However,
as di scussed at the beginning of this nmenorandum
the requirenment for approval of an ANDA is not

t hat generic drugs have effects simlar to the
reference listed drug but, rather, that they have
the sane active ingredients. Only if the active
ingredients are the sane can generic copi es be
relied upon to have the sane estrogeni c potency
and, therefore, the sanme effects on bone.

Limted data on the pharnmacodynam c effects of
DHES on bone have been submtted by Wet h-
Ayerst.’®7  These data show that DHES has a
phar macodynam ¢ effect on bone nmarkers, but the
data do not shed |ight on whether the DHES
conponent of Premarin has a nmeani ngful clinical
effect on bone.

iii. Safety

There are safety concerns about all estrogen
preparations currently approved for |long-term
adm nistration for the prevention of osteoporosis.
Long-term estrogen adm nistration is associ ated

wi th an increased incidence of endonetrial cancer
in woren who have not undergone hysterectony, and
there i s an ongoi ng controversy about the

rel ati onship of |ong-term estrogen repl acenent
therapy to breast cancer.

No head-to-head studi es have conpared the | ong-
termsafety of various estrogen preparations when
used chronically for the prevention of
osteoporosis. The avail abl e epi dem ol ogi c

evi dence, sunmarized at the July 27-28, 1995,

Advi sory Conm ttee neeting, does not definitively
establish safety differences anong vari ous
estrogens. 1 Thus, it is not known to what
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extent, if any, differences in the types of
estrogens used may affect safety.

There are no conparative safety trials of Premarin
conponents available. There are few

phar macodynam ¢ markers available with which to
assess safety for effects such as cancer.
Therefore, sufficient clinical data do not exist
to fully characterize the contributions (either
positive or negative) of various Premarin
conponents to its clinical safety.

iv. Oher pharmacol ogic effects.

There is currently intense interest in the role of
estrogen replacenent therapy (ERT) in the
prevention of cardiovascul ar di sease and possibly
ot her age-rel ated di sorders in wonen. ! No
estrogen product is currently approved by FDA for
such indications. |If Premarin were to be found
effective for prevention of cardiovascul ar

di sease, elucidating the effects of Premarin and
its conmponents on rel evant pharmacodynam c
paranmeters would be inportant in fully
characterizing the product. There are clinical
dat a suggesting that equi ne estrogens may have
differential effects on paraneters such as

i poprotein |levels and |ipid peroxidation; 58
however, these data are as yet very inconplete.

I ncl usi on of )8, 9-dehydroestrone sul fate (DHES).

Many of the issues raised by Weth-Ayerst inits
citizen petition submtted in Novenber 1994, and
addressed in nunmerous subm ssions to the docket of the
citizen petition, pertain to the need to include DHES
in generic copies of Premarin. Although this
menorandum i s not intended to be a response to the
citizen petition and should not be construed as one,
the scientific issues related to this conmpound are
addressed bel ow insofar as they relate to the
approvability of generic copies of Premarin, which is
t he subject of this nenorandum

As di scussed previously at the beginning of this
section (1V.B.5.), DHES is a conjugated estrogens
conpound that conprises about 4.4% of the “label claint
of Premarin. It has been recogni zed as a constituent
of Premarin for two decades.® However, little
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scientific data have been available on its activity,
and it has been treated as an inpurity. Information
subm tted by Wet h-Ayerst on the pharnacoki netics of
DHES in Premarin reveal that its netabolite, 17%-)8, 9-
dehydroestradiol, is present in surprisingly |arge
concentrations in the plasma, considering the
conposition of the tablet.®:% FDA anal yses support
this finding.”™ The 17%-)8, 9-dehydr oestradi ol
concentration is inportant because the diol form of
estrogen is usually the nost active in the human body.
After taking Premarin, the concentration (or AUC) of
unconj ugat ed 17%-)8, 9-dehydroestradiol in the plasma is
bet ween 50% and 125% (dependi ng on what study results
are used) of the concentration of unconjugated 17%-
estradiol and is one third the concentration of

unconj ugat ed 17%$-di hydroequilin.

The fact that a conpound is present at high
concentrations in the plasma does not necessarily nean
that it is clinically inportant. The significance of
the finding that 17%- )8, 9-dehydroestrodi ol is present
in high concentrations depends on the potency of 17$%-
)8, 9-dehydr oestradi ol conpared to the potency of the
other circulating estrogens. If it is assuned that the
potency of the 17%-diol netabolites derived from
estrone sulfate, equilin sulfate, and DHES have equal
potency, then the contribution of DHES to the overal
estrogenic activity of the 17%-diol netabolites of the
three estrogens would be 16% (based on unconj ugat ed
diol AUCs) to 26% (based on total diol AUGCs). 5!
However, there are several ways to evaluate relative
potency of estrogens. One nethod, testing in anina
species, is useful for determning estrogenicity, but
has not proven to be quantitatively predictive for
humans (the original rat potency test for conjugated
estrogens is a good exanple). This could be due to
interspecies differences in nmetabolism sonme of which
have been confirned. 102

If animal testing is not adequately quantitative, iIn
vitro studi es using human cells or receptors may be
performed, or human clinical tests may be carried out.
Scientific data of both types assessing the relative
potency of DHES have been submitted to the docket.
Wet h- Ayer st provi ded data on human estrogen receptor
bi nding as well as functional activation data in HEP-2
cells.' |n addition, Duramed Pharnaceutical s provided
data on functional activation of |Ishikawa cells, a
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human uterine cell line. The results of these
studies are sunmarized in the OCPB Report of Cctober

25, 1996, "* Addendum 1 to that report dated February

12, 1997, 72 and Addendum 2 to that report dated March
31, 1997.77 These OCPB Reports attenpt to quantify the
clinical estrogenic contribution to Premarin from
equilin, estrone, DHES, and 17'"-di hydroequilin based on
t he potencies derived fromthe various In vitro assays
in conbination with the pharnmacokinetic data.

The OCPB Report estinmates that, based on the In vitro
pot enci es and the known pharnacoki netics, DHES and its
nmetabolite contribute approxi mately 2.8-6.5% of the
overall estrogenic potency of Premarin, depending on

t he assunptions used. 1%

Just as with the animal data, it is inportant to try to
assess how reliably the in vitro data predict the
actual clinical outcones. A limtation of cellular
assays is that only one tissue type is evaluated. The
results of the OCPB anal ysis shows that w dely
differing estimates are arrived at depending on the
system used. °® This nay be due to artifacts of the
system (i.e., netabolismof estrone to estradiol, etc,
in the Hep-& cells), true tissue differences, or other
reasons. The best way to evaluate the In vitro potency
assignments is to conpare their results with known
clinical outcones. |In this case, certain conparisons
are possi bl e because both estrone sulfate and equilin
sul fate have been tested in wonen as single

i ngredients. %7 A nunber of clinical studies have
shown that, for both FSH suppression and treatnent of
menopausal synptons, equilin sulfate is roughly five
tinmes nore potent than estrone sul fate when
adm ni stered as a single ingredient. Conparison of
this known clinical fact to the potency estimates in
Tables 3 and 4 of OCPB Addendum 2 reveals that the

| shi kawa cel |l potencies do not correctly predict the
oral potency of equilin relative to estrone.” The

| shi kawa cell data predict that oral equilin sulfate
woul d be equi potent to or | ess potent than estrone
sulfate. O the other in vitro estimtes, the estrogen
receptor binding assay best predicts the known

di fferences between equilin and estrone, predicting
equilin sulfate to be between two to four tinmes nore
potent than estrone sulfate depending on the
assunptions used. Because of these widely differing
estimates, it nust be concluded that in vitro assays,
even in human systens, cannot currently be relied upon
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to provide precise predictions of relative clinical
pot enci es.

The other information avail able on the rel ative potency
of DHES cones from human studies. Weth-Ayerst
submtted the results of two human studies to the
docket. 7" These studies were small, unblinded,
uncontrolled trials, and would not be of the type
relied upon for determning safety or efficacy of a
drug. In addition, they did not use a dosage form

equi valent to that of Premarin, and thus their results
cannot be directly extrapolated to Premarin. However,
they are quite simlar to the types of studies that
were originally used to evaluate the role of estrone
sulfate and equilin sulfate in Premarin and can be used
to assess certain conparative pharnmacodynam c
paraneters. |In these trials, 0.125 ng of DHES was
adm ni stered daily to postnenopausal wonen. This dose
of DHES is about four tinmes the anmount in a 0.625 ng
tablet of Premarin. In both studies, this dose of DHES
caused approxi mately 15-26% suppression of FSH after
two weeks of dosing. This is in the range of
suppression resulting fromO0. 625 ng of estrone sulfate
reported in the literature.® The study perforned in
Brazil included a conparison group given 1.25 ny
estrone sulfate. This group achieved approxi mately a
40% reduction in FSH | evel s at two weeks. This effect

i s sonewhat greater than has been previously
reported. 58!

Based on these human data, the oral potency of DHES
(for pituitary pharmacodynam c paraneters) is (very
roughly) five to six tinmes that of estrone sulfate, or
very simlar to that of equilin sulfate and is about
what woul d be predicted on pharmacokinetic grounds if
the estrone and DHE derived diols were roughly

equi potent. DHE, like equilin, is a B ring unsaturated
estrogen. |f DHES has the same oral potency as equilin
and if the contributions of estrone sulfate, equilin
sul fate, and DHES plus the small anount of 17%-)8, 9-
dehydroestradi ol sulfate were to be considered, then
DHES and its netabolite would contribute about 9% of
the estrogenic potency fromthese three conponents, at

| east for pituitary paraneters.

It can be seen fromthe above analysis that the high

end of the estimate of the contribution of DHES to the
estrogeni c potency of Premarin fromthe i1n vitro assays
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is simlar to the estimate derived fromclinica
studies, i.e., about 9% and both of the estimates are
| ower than the 16%to 26% esti mate based on an
assunption that each 17%-diol netabolite is equally
potent. Unfortunately, all of the estinmates have

probl ens and uncertainties. A precise estimte of the
potency of DHES relative to estrone sulfate is not
available. In addition, none of the data provide
insight into the contribution of these conponents to
estrogeni c potency with respect to bone. As discussed
above, prelimnary pharmacodynam c data indicate that
DHES has an effect on bone markers. The avail able data
denonstrate that DHES is a potent estrogen and may make
a clinically nmeaningful contribution to the therapeutic
effects of Premarin.

V. Conclusions

1

Under the Federal Food, Drug, and Cosnetic Act, for a
generic drug product with Premarin as the reference
listed drug to be approved, the generic drug nust have
the same active ingredients as Premarin. This
requirenent, paired with a show ng of bi oequival ence of
the generic drug to the reference listed drug, is neant
to ensure that the data devel oped by the innovator
conpany to denonstrate the safety and effectiveness of
the reference listed drug will support approval of the
generic drug. |ndependent denonstration of safety and
ef fectiveness is not required for approval of generic
drugs. Approval of generic copies of Premarin
manuf act ured from conbi ned synt hesi zed conponents w | |
require data sufficient to denonstrate that such copies
contain the sane active ingredients as Prenarin.

The reference |isted drug Premarin is not adequately
characterized at this time. 1In particular, the
estrogeni c potency of the product is not clearly
defined relative to the estrogenic potency of its
constituents. |In addition, the contribution of the two
nost abundant estrogens, sodiumequilin sulfate and
sodi um estrone sulfate, to the overall estrogenic
potency is not well understood. Furthernore, the
gquantitative conposition of Premarin with respect to
potentially pharmacol ogically active conponents has not
been defined. Wthout this information it is not
possible to define the active ingredients of Premarin.

| nvesti gati ons designed to produce the scientific data
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needed to determne the active ingredients are
feasible. Such information would allow a determ nation
of which conmponents of Premarin nmake a a clinically
meani ngful contribution to its overall effects. It is
both feasible and desirable for the constituent active
ingredients in Premarin to be characterized to this
extent.

Wth regard to sodi um )8, 9- dehydroestrone sulfate
(DHES), the avail able scientific evidence indicates
that DHES is an active estrogen that contributes to the
estrogeni c potency of Premarin. The clinical
significance of this contribution has not been

determ ned. DHES nust be included in generic copies of
Premarin unless scientific data are presented that
denonstrate that the estrogenic activity of DHES is not
clinically meaningful.

Despite the fact that at this tinme Premarin i s not
adequately characterized, the Agency coul d approve
generic copies of Premarin that originate fromthe sanme
natural source material (pregnant nmares’ urine) before
the active ingredients are defined, provided that
detail ed chem cal conposition of the product is known.
This is because Premarin is manufactured and controll ed
using certain nethods, and there could be confidence

t hat generic copies using the sane source materials and
controlled in the same manner, based on the known
conposition of Premarin, would have the sane | evel of
assurance that the sane active ingredients are in the
generic product as are in Premarin.

In summary, the Center concludes that because the
reference listed drug Premarin is not adequately
characterized at this tinme, the active ingredients of
Premarin cannot now be defined. Until the active
ingredients are defined, a synthetic generic version of
Premari n cannot be approved.

Janet Wodcock, M D
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